Abstract Unhygienic practices have been associated with the spread of parasitic and bacterial infections in rural areas. This study was designed to verify the link between the frequencies of malaria and typhoid fever with selected rural practices in Njoro District, Kenya. A cross-sectional study involving observations, questionnaires and interviews was conducted to determine the socio-economic variables and practices/lifestyles in 336 randomly selected homesteads. Frequencies of malaria and typhoid fever in two randomly selected health centers were determined through a retrospective study for the period from 2004 to 2009. The respondents had large families (68%), low education level (67%) and high responsibility burden (67%). Individuals who did not boil drinking water constituted 61%. Boiling drinking water was less common among the poor, Odds Ratio (OR) of 2.36, v 2 = 9.88, 95% Confidence Interval (CI) of 1.38-4.03. Respondents who washed their hands in a basin after using the latrines comprised 79.8% while 4.8% did not. 18.5% of the respondents did not use a soap to wash their hands after using the latrine. One third (33.6%) of the homesteads had dirty and inappropriate pit latrines while 2.7% of the homesteads lacked latrines. Failure to use mosquito bed nets was more likely to occur among the poor respondents, OR of 1.44, v 2 = 1.74, 95% CI of 0.84-2.48. The frequencies of malaria and typhoid fever were an average of 29 and 24% respectively. Malaria and typhoid fever cases were relatively frequent due to adoption of inappropriate lifestyles and practices that predisposed the residents to infectious agents. Poverty seemed to play a significant role in the spread of malaria and typhoid fever.
Introduction
Good health is central to development [1] . A healthy population tends to be productive and according to VIV [2] , the Britons' view on free health service is that it is 'a right to life'. Similarly, I would view the provision of a working health promotion strategy in rural areas of Kenya as their inherent right. The rural populations in Kenya face problems, which includes burden of illness attributable to arthropod-borne diseases [3] , unhygienic practices, which may enhance the transmission of parasitic diseases [4] . Control of parasitic diseases in the community involves breaking the infection cycle. In addition, vector-borne parasitic diseases can be controlled through mechanisms like, avoidance of predisposing factors, use of repellants, spraying insecticides to kill the insect vectors and reducing the breeding of the vectors. Health of a person is influenced by various factors, which may be related to his or her family, environment, community setting, economic and political conditions of the day [5] . Levels of education and certain attitudes or behaviours also influence the health status of people. According to Norman [6] , people's habits which prevent them from living in the best possible health should be changed and this is possible if one has a clear picture of the habits.
Malaria which is a sporozoal infection characterized by malaise, fever, chills, sweating, headache and nausea, has been estimated to cause 1.5-2.7 million deaths annually majority of the cases being in Africa [7] . Malaria is a disease caused by the parasite Plasmodium which is usually transmitted through a bite of an infected female mosquito. Plasmodium falciparum is the most common species in Kenya where it is associated with significant morbidity and mortality [8] .
Typhoid fever, on the other hand, is a systemic bacterial disease characterized by fever, severe headache, malaise, anorexia, rash on the trunk, nonproductive cough and constipation. It has an estimated 17 million cases worldwide occurring annually with approximately 600,000 deaths [7] . Its etiologic agent is Salmonella typhi transmitted via fecal-oral route when fecally contaminated food, water, fresh vegetables, fruits become ingested. In addition the food can become fecally contaminated via flies. Appropriate hygienic practices and lifestyles can therefore control the spread of typhoid significantly.
It is against this background that the current research was designed to investigate whether there were some lifestyles or practices in rural areas that were enhancing the spread of malaria and typhoid fever. The hypothesis tested was that 'some inappropriate lifestyles were promoting the spread of malaria and typhoid fever in rural parts of Kenya'.
Methods

Study Area
The data was collected from Njoro District, Kenya in Kikapu, Piave and Belbur rural villages. The residents of these villages are mainly subsistence farmers, small traders and few civil servants.
Ethical Issues
Permission was sought and granted from the Department of Research at Daystar University. Written permit to enable us retrieve data from the health centers was provided by the District medical officers. Other relevant government offices were consulted and their approval was granted. The residents in the study area were briefed about the research and their cooperation was sort.
Study Design
Cross-Sectional Study The study involved an observational approach, use of a questionnaire and interview guides. Well designed data sheets were used to record the observed aspects and the responses that were to be captured during the interviews.
The Target Population The target group comprised of the people in each homestead visited. A total of 336 homesteads were randomly selected. One or two respondents in each homestead were interviewed and preference was given to the owners or people who had lived there for long.
The Retrospective Study Two health centers in the study area were randomly selected, and health data was retrieved for the period from 2004 to 2009, to establish the frequency of malaria and typhoid fever. The local health centers chosen for this study were Njoro PCEA health center and Njoro County Council health center. A pre designed data sheet was used for the data.
The Data Collected
Socio-Demographic and Socio-Economic Variables These included, the age, sex, marital status, family size, education level, occupation, and indicators of economic status of the respondents. The respondents were classified into low, medium and high economic status using a well designed key.
Residents' Practices or Lifestyles Variables These included aspects of lifestyle or daily practices that may have enhanced the transmission of malaria and typhoid fever. Such included; availability and use of bed nets, nature of the pit latrines, the source and handling of drinking water, among others. Observable indicators of unhygienic practices were also recorded in every homestead visited.
Morbidity Variables These included the frequencies (%) of malaria and typhoid fever among the patients residing in the study area (villages) and seeking treatment from the selected heath centers, in the period 2004-2009. Records of diagnosis that was based on signs and symptoms for the two diseases plus the confirmatory laboratory tests records were retrieved and recorded.
Data Analysis
Percentages for socio demographic and socio economic variables were computed and compared. Odd ratios (OR), chi square tests, and confidence limits were used to determine the probabilities of occurrence for malaria and typhoid fever among different economic categories of the residents. Student's t test was used to compare different modes of diagnosis for malaria and typhoid fever in the selected health centers.
Results
Socio Demographic and Economic Variables
(a) Gender, age and marital status A large number of the respondents were women who comprised 61% of the respondents. Men constituted 38%. The interviewees' age depicted a normal distribution with an age-range peak of 41-50 years (23%). Majority of the respondents (75%) were married. (b) Family size, education level and occupation 67.56% had a family size of 4-9 children. Majority of the respondents (61%) had primary education level as their highest academic status. Only 2.68% of the respondents had college or university level education and only 0.89% were going on with their high level or professional studies (Table 1) . (c) Employment and responsibility burden 98% of the respondents were unemployed and they obtained their income from small scale farming or small scale trade that was based on farming activities or produce. The responsibility burden in terms of educating the children indicated that, only 20% had all their children working, 4% had no children to educate and 
Practices and Lifestyle Variables
(a) Sources of water. The sources of the water varied from trapped rainwater (44.6%), domestic and public dams (22.6%), and river (7.7%) to centralized community watering points (82.4%), (Table 2) . (b) Boiling drinking water and other treatment.
The respondents who boiled drinking water constituted 37.5% while those who did not boil drinking water were 61%, and a further 1.5% represented those that were not always boiling water (Table 2 ). Seventeen percent of the respondents used water chemicals popularly referred to as 'alums' meant to bring about sedimentation in the water. 'Not boiling water before drinking' was more likely to occur among the low economic group category, Odds Ratio (OR) of 2.36, chi square (v 2 ) = 9.88, 95% Confidence Interval (CI), 1.38-4.03 (Table 3) . (c) Washing hands after using a latrine. A significant number of respondents wash their hands in a basin after using the latrines (79.8%) and only 4.8% of the respondents wash their hands in running tap water. In addition, 16.1% of those interviewed do not always wash their hands. It therefore follows that more than 95% of the respondents face the risk of fecal contamination. It was also noted that 18.5% of the respondents do not use a soap to wash their hands after visiting the latrine and about 31% of the interviewees always use other materials as equivalent of toilet papers. Failure to use soap to wash the hands after using the latrine seemed not to be influenced by the economic status of the resident, odds ratio (OR) of 1, chi square (v 2 ) = 0, 95% Confidence Interval (CI) of 0. The pit latrines used were dirty and inappropriate (33.6%), while 2.7% of the homesteads visited, lacked latrines and occupants in such homesteads used their neighbors' pit latrines or the bushes near their homesteads (Table 2) . (d) Use of mosquito bed nets. Table 4 shows that only 31.6% of the respondents used mosquito nets despite 81 out of 336 homesteads (24.1%) having domestic dams near their houses. Such dams served as source of water for domestic use and livestock. Use of mosquito bed nets was influenced by the economic status of the respondents. Failure to use a mosquito net among the low economic status had an odds ratio (OR) of 1.44, chi square (v 2 ) = 1.74, 95% confidence interval (CI) of 0.84-2.48, implying that, not having a mosquito net was 1.44 more likely to occur in the low economic status category of the respondents. (e) Nature of compounds in the homesteads. Some homesteads had long grasses (8.6%), others had containers, plastics and papers scattered in the compound (31.3%) and 27.7% of the homesteads had bushy flowers and plant fences near the houses (Table 4) . Among those that reared livestock, only 52.1% of the respondents sprayed their livestock frequently as recommended while the remaining 48% did not spray regularly. were children and 62% were adults while out of an average of 703 widal tests per year in the same health center, typhoid had a frequency of 24% of which 7% were children and 93% were adults (Table 5 ). In comparison, out of an average of 510 blood tests per year for patients coming from the study villages and seeking treatment at Njoro County Council health Center, from 2004 to 2009, malaria had a frequency of 15% while typhoid fever had 23% (Table 6 ). Therefore on average per year, for the two health centers, 29% of the patients were treated for malaria while 23.5% were treated for typhoid fever.
(b) Frequencies based on signs and symptoms. The diagnosis records indicated that, malaria had a frequency of 35% at Njoro PCEA Health center and 29% at Njoro County Council health center respectively. On average, the frequency of malaria diagnosis in the two health centers was 32%. Similarly, the frequencies of typhoid fever at Njoro PCEA and Njoro County Council health centers were 4.67 and 2.05% respectively for the patients who resided in the study villages.
(c) Comparisons of malaria and typhoid fever frequencies at Njoro PCEA health center. Based on signs and symptoms the malaria frequencies were slightly higher than those based on confirmatory laboratory tests (blood smear test), however the difference was not statistically significant (P [ 0.05). The cases of typhoid fever as depicted by diagnosis based on signs and symptoms were significantly lower (P [ 0.05) than those based on confirmatory widal test (Table 7) . This trend was similar for all the years studied (Fig. 1) .
(d) The frequency of malaria and typhoid fever versus gender. The majority of the patients referred for laboratory tests at Njoro county council health center were women who comprised 70%, followed by adult males at 21% and lastly children at 9.6%. The adult females: adult males: children ratio was therefore 7:2:1. Similarly, diagnosis based on signs and symptoms records in the same health center, showed that 36% were adult females, 21% were adult males and 43% were children, giving a ratio of 2:1:2 (Table 8) . It was therefore evident, that adult males were less frequently going to the hospital when compared to the adult females, for reasons that are yet to be established.
(e) The yearly trend of malaria and typhoid fever. 
Discussion
The current research was carried out in a low malaria risk zone, where the prevalence of the plasmodium parasite was expected to be low. The research however showed that the frequency of malaria based on blood tests at Njoro PCEA and Njoro County Council Health centers was 29% per year. Similarly the frequency of malaria based on signs and symptoms records, at Njoro PCEA and Njoro County council health centers, was an average of 32%. Njoro, being located along the main highway and rail line that link the malaria endemic west Kenya to the capital city of Nairobi, is prone to exposure to people who are on transit to and from the malaria endemic areas. In a research that T/tests total tests, s/area study area; F adult females, M adult males, Ch children below 14 years of age a Implies that some data for the children under 5 years of age was not available analyzed annual reports from 17 rural tropical hospitals in four African countries over a period of 16 years, Petit observed that malaria was among the high ranking infectious diseases, in rural areas [9] . Petit attributed the marked increase of malaria to, the development of insecticide resistance by the mosquitoes; a large proportion of the population being on self medication and decreasing immunity. It was also established that, more than 50% of all the outpatients at Kitui hospital, which is also located in the arid rural areas of Kenya had malaria [10] . According to Gichinga [11] , malaria is an endemic illness and about 70% of the Kenyans live in malaria prone areas, exposing many people to malaria risk. Figures 2 and 3 , suggest that the malaria peaks tend to correspond to the rainfall pattern in Kenya. The water pools that collect after the rains provide appropriate conditions for the breeding of mosquitoes. It is also during the rainy seasons that the domestic dams and the rain water tanks in some of the homesteads fill up with water hence creating appropriate breeding sites for the mosquitoes.
Supplies of insecticide treated nets (itn) to the national malaria control programs (nmcps) have been shown to be sufficient to protect an estimated 26% of the people in 37 African countries [10] and according to a WHO (World Health Organization) survey of 2008 in 18 African countries, 34% of the households owned an itn [10] . The Kenya bureau of statistics (KNBS) [12] indicates that by 2007, households with at least one mosquito net constituted 61% while households with at least one itn constituted 54% in Kenya. The current research shows that 32% of the respondents (households) used mosquito nets and this observation agrees with the WHO survey of 2008. A recent survey of central Kenya however, reported that 75% of the rural households owned at least one bed net [13] . Use of mosquito bed nets by the respondents in rural Njoro, was highly influenced by their economic status. The failure to use a mosquito bed net among the low economic status had an odds ratio (OR) of 1.44, Chi square (v 2 ) = 1.74, 95% CI of 0.84-2.48, which implied that, not having a mosquito net was 1.44 more likely to occur in the low economic status category of the respondents. This was in line with an observation made in 2002 by Guyat, in Kisii and Gucha Districts of Kenya, where the rural population was willing to use itns but they could not afford [14] .
The records from Njoro PCEA health center, showed that 43% of the blood samples meant for malaria tests were positive of which 2/5th were from children and 3/5th were from adults. Similarly, 15% of the blood samples meant for malaria test at Njoro County Council health center were positive. The difference in the malaria cases in the two health centers could have been attributed to several factors including; the efficiency of record keeping; patient's preference of which hospital to attend; how often the doctor requested for confirmatory tests; and the age of the patients. For instance, Njoro County council health center was a cheaper public health center which had a higher percentage of children attending it and only 1/10th of the blood tests (Table 8) were from the children. Records of malaria diagnosis based on signs and symptoms in the two health centers showed that for every 100 patients, 32 were treated for malaria. Malaria diagnosis based on signs and symptoms seems to have matched closely with the confirmatory tests at Njoro PCEA health center, from 2004 to 2009; t test (df 5) = -2.508, P [ 0.05 (Table 7 ; Fig. 1 ).
Several factors related to the lifestyles of the respondents were thought to contribute to the relatively higher cases of malaria in the local health centers at Njoro. These included; about 97% of the households owned pit latrines which could have enabled the mosquitoes to breed; 31% of the homesteads had their house compounds littered with containers which could have retained water and therefore promoting the breeding of mosquitoes; 9% of the homesteads had long grasses and 28% of the homesteads had bushy flowers and fences near the houses both of which could have created conducive breeding sites for the mosquitoes; 24% of the homesteads had domestic dams near their houses and 13% of the households had non-protected water tanks (open) for harnessing rain water, both of which could have supported the breeding of mosquitoes. About 50% of the homesteads had their animals fenced near the main houses (Table 2) , this could have led to a muddy and wet environment near the houses, encouraging the breeding of mosquitoes and flies. The animals being near the people, however, would have attracted the mosquitoes to bite them instead of people, a form of zooprophylaxis [8] .
The current research further shows that about 62.5% of the respondents were at risk of drinking water that had the potential of transmitting infectious agents since they did not boil it. Respondents whose economic status was low had a tendency of not boiling drinking water, with an odds ratio (OR) of 2.36, chi square (v 2 ) = 9.88, 95% CI of 1.38-4.03, (Table 3) . Other than the piped water, water from these various sources (Table 2) was not treated and this implied that 74.9% were at risk of contracting water borne infections. This percentage (74.9%) could even be higher because the centralized public watering points could equally be a source of contamination. Water sedimentation chemicals were used by 17% of the respondents and this suggested that they were using dirty water for their domestic purposes, hence increasing the risk of contracting waterborne infections. Presence of domestic dams in homesteads (24%), which trapped surface runoff, was evidence that dirty water was commonly used.
8% of the respondents were not washing hands after using the latrine and another 8% were not always washing their hands ( Table 4 ), implying that 16% of the respondents were at risk of feacal contamination. Washing hands from basin of water (79.76%) equally contaminated the hands since the rinse from the hands would still be retained in the basin. Nineteen percent of the respondents were not using a soap to wash their hands after using a latrine, a practice that was seemingly not influenced by their economic status, OR = 1, chi square (v 2 ) = 0, 95% CI = 0. About 36% of the respondents were using other materials as equivalents of toilet papers and depending on the nature of such materials used, fecal contamination was likely to occur. Eighty percent (80%) of the pit latrines in the study area were clean (Table 4) , however, 17% of the homesteads had dirty latrines with flies and the remaining 3% had no latrines. The flies from the dirty latrines could contaminate food or water with infectious agents. Lack of pit latrines may have led to careless defecating in the bushes near the homesteads leading to contamination of domestic dams and crops with feacal materials during the rainy seasons. Such a practice could equally attract flies around the homesteads. Typhoid has been reported to be transmissible through contaminated flies [3] . The laboratory records from Njoro PCEA and Njoro County Council health centers in the study area indicated that the frequency of typhoid fever was between 23 and 24% (Tables 5, 6 ) respectively, and this implied that for every 100 patients referred for widal test, 23-24 patients were likely to be positive. This is a relatively high frequency putting in mind that typhoid is a killer disease which claims more than half a million people per year worldwide [3] . The frequency of typhoid fever based on diagnosis through symptoms and signs was significantly lower (t test (df 5) = -7.727, P \ 0.05) than the frequency that was based on widal test (Table 7) . This implies that suspected cases of typhoid fever have to be confirmed in the laboratory. It was also observed that only 7% of the typhoid fever cases per year at Njoro PCEA health center were those of children. This confirms an observation made by Mweu that typhoid fever in children, in rural Africa, is uncommon [15] .
Conclusions
The cases of malaria and typhoid fever were relatively frequent in randomly selected local health centers in Njoro District which is a typical rural set up in a low malaria risk zone. This could have been due to inadequate control measures for mosquitoes and adoption of inappropriate lifestyles that could have led to contamination of water supplies with infectious materials. Combination of high poverty levels, low education levels and large families contributed significantly to the spread of malaria and typhoid fever.
